Introduction
============

Obesity is a growing health problem which is accompanied with increasing the rate of morbidity and mortality.[@b1-ARYA-11-102] During the recent decades, the prevalence of obesity in childhood and adolescent is doubled.[@b2-ARYA-11-102] The probability of being obese adults is higher in obese adolescents and this risk is much higher in girls.[@b3-ARYA-11-102] Unfortunately, the incidence of obesity-based diseases is increasing sharply in recent years and its' control need to urgent programming among adolescents.[@b4-ARYA-11-102]

Obesity is an excess of white adipose tissue (WAT) which is known by chronic inflammation of adipose tissue.[@b5-ARYA-11-102] The pathophysiologic mechanisms that link the inflammation of obesity and obesity-related disorders to the innate and adaptive immune system may be based on the multifunctional roles of adipose mass. Adipose tissue is a fat supply6 and endocrine organ. It can be effective in energy balance and macronutrient metabolism.[@b6-ARYA-11-102],[@b7-ARYA-11-102]

One of its' pro-inflammatory adipokine is chemerin which has autocrine and paracrine roles in enhancing the adipocyte differention[@b1-ARYA-11-102],[@b7-ARYA-11-102] and lipolysis of WAT.[@b1-ARYA-11-102],[@b7-ARYA-11-102] It reflects chemokine roles in leukocytes direction and the recruitment of antigen presenting cells[@b1-ARYA-11-102],[@b8-ARYA-11-102] such as macrophage[@b1-ARYA-11-102],[@b9-ARYA-11-102],[@b10-ARYA-11-102] dendritic cells (DC),[@b9-ARYA-11-102],[@b10-ARYA-11-102] and natural killer cells.[@b9-ARYA-11-102],[@b10-ARYA-11-102] Furthermore, chemerin is an adiponectin secretion stimulator and adiponectin gene expression is reduced in chemerin knockdown cells.[@b7-ARYA-11-102]

Adiponectin is characterized as an anti-inflammatory[@b11-ARYA-11-102] and anti-atherogenic adipokine.[@b12-ARYA-11-102] It can suppress adipocytes differention[@b12-ARYA-11-102] and it's effect is mediated by increasing cyclic adenosine monophosphate (cAMP) accumulation,[@b13-ARYA-11-102] while chemerin effects in managing cell metabolism, mediated by stimulating calcium release and inhibiting cAMP accumulation supply.[@b14-ARYA-11-102],[@b15-ARYA-11-102]

The controversial observation about the functions of mediated second massagers attracted us to study serum levels of these adipokines in obese adolescents. Hence, the main goal of this study is assessing chemerin levels in relation to adiponectin concentrations and general and central obesity and inflammation index in girl adolescents for the first time.

Materials and Methods
=====================

This is a case-control study which was conducted on 82 healthy non-athlete and non-smoker girl adolescents sampled from Sadigheh-Tahereh Hospital, Isfahan, Iran.[@b16-ARYA-11-102] They were between 12 and 18 years old. Detailed medical and family history was checked. Participants had been matched based on their mentioned variables, individually. Their exclusion criteria were determined as having any history of chronic, inflammatory, infective, metabolic or endocrine diseases and taking any drugs or supplements. The informed written consent was achieved from the parents of all of the adolescents and participants who accepted to participate.

The survey was performed from August 2010 to December 2010. The participants were divided by CDC percentiles of body mass index (BMI) according to the age and sex.[@b2-ARYA-11-102],[@b17-ARYA-11-102] The obese group is defined based on BMI percentile \> 95th and the normal-weight group is described as having BMI percentile 5-85th, they were matched according to age and sex.[@b18-ARYA-11-102]

The height was assessed using calibrated Seca meter to the nearest 0.1 cm at maximal respiration (SECA, Hamburg, Germany).[@b2-ARYA-11-102] Their weight was measured by Seca scale closest to 0.1 kg in barefoot and light dress, after emptying urinary and GI apparatuses (Seca Model 770, Hamburg, Germany). BMI was calculated as dividing weight by the square of height (kg/m2).[@b19-ARYA-11-102]

The waist circumstance (WC)2 was determined at the point midway between the superior border of the iliac crest and lower border of the rib cage using non-elastic tape nearest to 0.5 cm at the normal expiration, and their hip circumstance (HC) was measured to the nearest 0.5 cm at the widest part of the hip at the levels of the greatest trochanter by a non-stretchable tape meter.[@b2-ARYA-11-102] The waist to hip ratio (WHR) was computed from dividing waist by HC.[@b17-ARYA-11-102]

The body fat percent was measured by bioelectrical impedance analysis (BioScan 916 Maltron, Rayleigh, UK).[@b20-ARYA-11-102] The participants puberty were assessed according to the criteria of Tanner stage by general physician.[@b17-ARYA-11-102],[@b21-ARYA-11-102] All of the measurements were performed by informed expert.

The blood sample was taken from the antecubital venous after 10 h of overnight fast between 8 and 10 AM. Blood sample were centrifuged for 15 min at 4500 g within 30 min of sampling and frozen at −70 °C.[@b22-ARYA-11-102]

Serum chemerin levels were determined by an enzyme-linked immunosorbent assay (ELISA) (BioVendor Research and Diagnostic Products, Inc., Modrice Czech Republic). The detection limit of the assay was 0.13 μg/l, and the intra-assay and inter-assay coefficient of variation (CV) were 7 and 6.9%, respectively.[@b23-ARYA-11-102]-[@b25-ARYA-11-102]

Serum adiponectin was measured by ELISA method, Orgenium Laboratories, Inc. (AviBion Human Adiponectin (Acrp30) ELISA Kit, Helsinki, Finland) the intra-and inter assay CVs are ≤ 10 and ≤ 12% respectively.[@b19-ARYA-11-102] High sensitive C-reactive protein (Hs-CRP) was measured by ELISA (DRG-Diagnostica, Marburg, Germany); the intra- and inter assay CVs are 5.1 and 14.3%, respectively.[@b26-ARYA-11-102]

Data were analyzed using SPSS software (version 15.0, SPSS Inc., Chicago, IL, USA) and AMOS software (version 16, ADC, Chicago, IL). Distribution of parameters were checked for normality using Kolmogrov-Smirnov test. All variables were compared using independent Student's t-test between two groups. Pearson correlation tests were used to analysis the bivariate associations of variables. Path analysis was performed using weighted least squares procedures to explore whether Hs-CRP mediated the relation between adiposity and adipokines. Variables without normal distribution had been transformed, statistically. Standardized path coefficients and t-values are provided. The final model was completely saturated, with degrees of freedom equal to zero. Descriptive fit indices, comparative fit index, root mean square error of approximation and goodness-of-fit for the models were acceptable. The threshold for analysis assess was set at P \< 0.05.

Results
=======

A sample consisted of 40 obese and 42 normal-weight girl adolescents were studied. Demographic and clinical characteristics of the population are presented in [table 1](#t1-ARYA-11-102){ref-type="table"}. Participants were categorized in post-pubertal stage (Stage V). There was not significant difference between demographic characteristics of participants (data not shown). There was a negative association between chemerin and adiponectin levels in both groups (Pearson correlation, r = -0.387, P = 0.014 vs. r = -0.362, P = 0.018, respectively). Chemerin levels were higher in obese group than normal-weight adolescents. There was a positive association between chemerin levels and BMI in all of the adolescents, significantly. The same association was seen between chemerin concentrations and WC (Pearson correlation, r = +0.451, P = 0.004 vs. r = 0.317, P = 0.041, respectively), HC (Pearson correlation, r = +0.338, P = 0.036 vs. r = +0.349, P = 0.027, respectively), WHR (Pearson correlation, r = +0.419, P = 0.007 vs. r = +0.325, P = 0.036, respectively), body fat mass (Pearson correlation, r = +0.366, P = 0.020 vs. r = +0.352, P = 0.028, respectively) and its' percent (Pearson correlation, r = +0. 416, P = 0.008 vs. r = +0.423, P = 0.005). We found a positive correlation between serum chemerin and Hs-CRP levels in obese adolescents (Pearson correlation, r = +0.325, P = 0.047). There adiponectin levels were higher in normal-weight girls than obese group (P = 0.018). Adiponectin concentrations was inversely correlated with BMI (Pearson correlation, r = -0.369, P = 0.019 vs. r = -0.421, P = 0.018, respectively), WC (Pearson correlation, r = -0.427, P = 0.007 vs. r = -0.423, P = 0.005, respectively), HC (Pearson correlation, r = -0.390, P = 0.014 vs. r = -0.333, P = 0.036, respectively), WHR (Pearson correlation, r = -0.361, P = 0.022 vs. r = -0.312, P = 0.044, respectively), body fat mass (Pearson correlation, r = -0.528, P \< 0.0001 vs. r = -0.346, P = 0.031, respectively) and its' percent (Pearson correlation, r = -0.386, P = 0.014 vs. r = -0.340, P = 0.028, respectively) in obese and normal-weight girls (P \< 0.05).We observed a negative association between adiponectin and Hs-CRP concentrations in obese adolescents (Pearson correlation, r = -0.361, P = 0.026). Estimated value for the standardized regression weights of the relation between chemerin and adiponectin levels with general, central obesity indices and Hs-CRP are shown in [table 2](#t2-ARYA-11-102){ref-type="table"}. Path analytical diagram between chemerin, adiponectin and obesity indices is represented in [figure 1](#f1-ARYA-11-102){ref-type="fig"}.

Discussion
==========

To our knowledge, it is the first study that found a negative relation between chemerin and adiponectin levels in girl adolescents. A negative association was seen between chemerin and adiponectin mRNA expression in epicardial adipose tissue of patients.[@b3-ARYA-11-102] Similar negative association was observed, peviously. However, Weigert et al. found non-significant association between these two adipokines.[@b27-ARYA-11-102] Goralski et al. showed that chemerin knockdown gene decreased adiponectin expression,[@b7-ARYA-11-102] and chemerin is introduced as a stimulator of adiponectin gene expression. Chemerin and its receptor secretion and function changes during adipogenesis, and its' gene transcription increases and chemokine like receptor 1 expression decreases during 3T3-L1 cells differention, and it could be compared with leptin resistance in obese subjects.[@b6-ARYA-11-102] Higher concentrations of chemerin may be accompany with the desensitization of its receptor or obstruction of chemerin signaling during adipocytes differention.[@b7-ARYA-11-102] The indirect association between chemerin and adiponectin concentrations may be based on a compensatory increase of chemerin levels. General obesity increases serum chemerin levels and chemerin gene expression is higher in obese subjects in comparison with leans and this observation were similar to the previous studies.[@b6-ARYA-11-102],[@b23-ARYA-11-102],[@b24-ARYA-11-102],[@b28-ARYA-11-102] Similar to the previous findings, we seen positive association between chemerin levels and BMI,[@b3-ARYA-11-102],[@b22-ARYA-11-102],[@b27-ARYA-11-102],[@b29-ARYA-11-102] central obesity indices including WC,[@b3-ARYA-11-102],[@b29-ARYA-11-102]-[@b31-ARYA-11-102] HC,[@b31-ARYA-11-102] body fat mass[@b24-ARYA-11-102],[@b32-ARYA-11-102] and its' percent.[@b6-ARYA-11-102],[@b28-ARYA-11-102],[@b31-ARYA-11-102] Adolescents with higher central fat area had higher serum chemerin concentrations.[@b24-ARYA-11-102],[@b27-ARYA-11-102],[@b29-ARYA-11-102],[@b32-ARYA-11-102] Serum Hs-CRP and chemerin levels were correlated positively and it is based on that low-grade inflammation of obesity,[@b5-ARYA-11-102] which associated with increasing acute-phase proteins and pro-inflammatory cytokines levels5 and increasing inflammatory markers release as the immune cells reflection.[@b5-ARYA-11-102],[@b12-ARYA-11-102] The macrophage act as an antigen presenting cell and the existence of chemerin receptors on immature DCs shows the chemerin roles in the recruitment and migration of macrophage and premature DCs which can be known as a link between immune system functions and excessive adipose tissue.[@b33-ARYA-11-102] Interleukin 6 production which can increase after infiltration of macrophages to adipocytes.[@b5-ARYA-11-102],[@b12-ARYA-11-102] Induces CRP secretion, indirectly or there may be possibility that WAT act as the source of these factors.[@b12-ARYA-11-102] Direct relation between BMI and CRP was seen, previously, too.[@b22-ARYA-11-102],[@b27-ARYA-11-102],[@b30-ARYA-11-102]-[@b32-ARYA-11-102],[@b34-ARYA-11-102] Our data indicated that girls with higher BMI percentile according to the age and sex had lower adiponectin levels like other studies.[@b11-ARYA-11-102],[@b16-ARYA-11-102]-[@b17-ARYA-11-102],[@b35-ARYA-11-102]-[@b38-ARYA-11-102] This finding is as the same as negative correlation between adiponectin levels and BMI.[@b11-ARYA-11-102],[@b17-ARYA-11-102],[@b35-ARYA-11-102],[@b37-ARYA-11-102]-[@b38-ARYA-11-102] The negative correlation between serum adiponectin and WC was similar to Bottner et al. observation,[@b17-ARYA-11-102] however, Vikram et al.[@b35-ARYA-11-102] and Snehalatha et al. surveys[@b39-ARYA-11-102] reflected no significant association that can be raised from not paying attention to the pubertal stages of subjects or different species of participants. There was a negative relationship between adiponectin levels and HC, like observation of Bottner et al. assessment.[@b17-ARYA-11-102] Body fat mass and its percent showed a negative association with serum adiponectin concentration. Adolescents with higher body fat showed a lower adiponectin levels. This relation is as the same as findings of Vikram et al.,[@b35-ARYA-11-102] Panagopoulou et al.,[@b11-ARYA-11-102] Bauche et al.[@b37-ARYA-11-102] and Snehalatha et al. studies.[@b39-ARYA-11-102]

There was a negative association between serum adiponectin and CRP levels. This observation confirmed by a negative relation between adiponectin expression and CRP levels, and it can reflect the adipose tissue roles in the circulation source of CRP.[@b5-ARYA-11-102] Adiponectin suppresses macrophage phagocytosis process[@b5-ARYA-11-102],[@b12-ARYA-11-102] and it can affect on its cytokine expression. Several studies confirmed our finding,[@b40-ARYA-11-102]-[@b42-ARYA-11-102] while Wagner et al. study showed that CRP levels are lower in children group and it can be the base of non-significant association between CRP and adiponectin.[@b43-ARYA-11-102] There were some limitations in the present study including the nature of cross-sectional study and small size of participants, and hence future study on the larger number of the participants and in prospective study are recommended.

Conclusion
==========

In conclusion, our study shows that serum chemerin concentrations were associated with general and abdominal obesity indices, adiponectin and Hs-CRP levels in obese adolescents. It may be based on a potent pathophysiologic link between adipokines and inflammation. These findings suggest that chemerin may be an mediated marker which reflect central and general obesity in response to the immunity status. Further research is suggested to confirm these observations and to assess serum chemerin levels in younger age and in various chemerin and adiponectin isoforms.
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![Path analytical diagram between chemerin, adiponectin and obesity indices HC: Hip circumference; BMI: Body mass index; WC: Waist circumference; Hs-CRP: High sensitive C-reactive protein](ARYA-11-102f1){#f1-ARYA-11-102}

###### 

Anthropometric, demographic and biochemical data from the study girl adolescents (n = 82)

  Variables              Groups           P                
  ---------------------- ---------------- ---------------- -------------------------------------------------------
  Age (year)             13.90 ± 1.80     14.63 ± 2.22     0.1070
  Weight (kg)            75.70 ± 7.55     49.20 ± 3.10     \< 0.0001[\*](#tfn1-ARYA-11-102){ref-type="table-fn"}
  BMI (kg/m2)            29.50 ± 2.22     19.00 ± 0.77     \< 0.0001[\*](#tfn1-ARYA-11-102){ref-type="table-fn"}
  Body fat mass (kg)     27.20 ± 4.03     11.80 ± 3.20     \< 0.0001[\*](#tfn1-ARYA-11-102){ref-type="table-fn"}
  Body fat (%)           37.80 ± 2.94     23.80 ± 4.86     \< 0.0001[\*](#tfn1-ARYA-11-102){ref-type="table-fn"}
  WC (cm)                95.30 ± 6.85     73.90 ± 5.03     \< 0.0001[\*](#tfn1-ARYA-11-102){ref-type="table-fn"}
  HC (cm)                110.00 ± 5.30    92.50 ± 4.20     \< 0.0001[\*](#tfn1-ARYA-11-102){ref-type="table-fn"}
  WHR (cm/cm)            0.85 ± 0.04      0.79 ± 0.46      \< 0.0001[\*](#tfn1-ARYA-11-102){ref-type="table-fn"}
  Hs-CRP (mg/dl)         3.80 ± 2.42      0.78 ± 0.68      \< 0.0001[\*](#tfn1-ARYA-11-102){ref-type="table-fn"}
  Adiponectin (آµg/ml)   4.79 ± 0.94      5.20 ± 0.53      0.0160[\*](#tfn1-ARYA-11-102){ref-type="table-fn"}
  Chemerin (آµg/l)       441.83 ± 47.49   409.30 ± 66.12   0.0120[\*](#tfn1-ARYA-11-102){ref-type="table-fn"}

Statistically significant differences between obese and normal-weight participants (P \< 0.05 is significant);

The comparisons were done using independent Student's t-test; Results are presented as mean ± standard deviation; BMI: Body mass index; WC: Waist circumstance; HC: Hip circumstance; WHR: Waist to hip ratio; Hs-CRP: High sensitive C-reactive protein

###### 

Estimated value for the standardized regression weights of the relation between chemerin and adiponectin levels with general, central obesity indices and Hs-CRP

  Variables             BMI (kg/m2)   HC (cm)   WC (cm)   Hs-CRP (mg/dl)   P
  --------------------- ------------- --------- --------- ---------------- ---------
  Chemerin (μg/l)       0.03          0.05      0.06      0.01             \< 0.05
  Adiponectin (μg/dl)   -1.62         -3.66     -5.16     -1.00            \< 0.05

BMI: Body mass index; HC: Hip circumference; WC: Waist circumference; Hs-CRP: High sensitive C-reactive protein
